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ABSTRACT Research was conducted on the production potential of selected medicinal herbal
plant species as new crops suitable for cultivation in South Carolina. Whiteßies (Bemisia argentifolii
Bellows & Perring) were found in an experimental production Þeld infesting Þve perennial species
ofmedicinal herbal plants [feverfew,Tanacetumparthenium(L.)Schultz-Bipontinus; St. JohnÕswort,
Hypericum perforatum L.; purple coneßower, Echinacea pallida (Nuttall) Nuttall and E. purpurea
(L.) Moench; and common valerian, Valeriana officinalis L.]. This article reports on whiteßies
attacking and developing on these plant species. Density of whiteßy nymphs was highest (mean 5
2.3/cm2) on the second fully expanded leaf on the apical meristem of E. purpurea as compared with
the same leaf position on the other plant species where average whiteßy density ranged from 0.1 to
0.6 nymphs per square centimeter from late November 1998 through January 1999. Similarly, adult
capture on sticky cards was high (mean 5 123 whiteßies per card) in plots of E. purpurea compared
with plots of the other four species (mean 5 8 to 20whiteßies per card per species), and adult counts
were elevated in the highest (440 kg N/ha) of three fertility rates in E. purpurea. Moreover,
laboratory tests agreed with the observation of a higher population of B. argentifolii on E. purpurea
compared with the other four plant species. The whiteßy completed development on all Þve plant
species, and whiteßy-associated parasitoids emerged from Þeld-leaf samples of each plant species.
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WHITEFLIES ARE DESTRUCTIVE worldwide pests on many
plant species of economic importance. Bemisia argen-
tifolii Bellows & Perring has become a particularly
problematic pest during the past decade (USDA
1997). Most whiteßy-related research has focused on
row, horticultural, and ornamental crops because of
their economic importance.However,weedandother
host species (Yassin and Bendixen 1982, Calvitti and
Remotti 1998) have been examined as whiteßy hosts
because of associated plant pathogens and their po-
tential impact on insect population dynamics. B. ar-
gentifolii, also called B-biotype B. tabaci (Gennadius)
(Bellows et al. 1994, Brownet al. 1995), has awidehost
range (Ghong 1969, Greathead 1986, Cock 1993). Al-
though the B. tabaci A-biotype has been known in the
United States for .100 yr, the B-biotype was Þrst
detected in the United States in the late 1980s (Schus-
ter et al. 1990). The taxonomic status of the B-biotype
is under debate among researchers; it may have spe-
cies status (Perring et al. 1993) or it may be one of
multiple biotypes worldwide (Brown et al. 1995).

There have been several literature reviews of the host
plants of B. tabaci that indicate that it feeds on '500
plant species (Azab 1970, Greathead 1986, Cock
1993). The host plant studies report activity of Be-
misia in warm climatic zones of the globe, and in-
clude annual, perennial, woody, and herbaceous
plant species.

Many herbal plant species have been used for me-
dicinal purposes for centuries (Hobbs 1989a, Hahn
1992, Bombardelli and Morazzoni 1995). Beyond re-
pellency and insecticidal activity, little research has
been conducted on insect pests of many herbal plant
species. There has not been any research reported on
whiteßies on plant species in the familiesHypericaeae
andValerianaceae. In the easternUnited States, South
Carolina is the northern geographic limit with year-
round feral populations of B. argentifolii (Simmons
and Esley 1995). Bemisia survives climates with mild
winters on cultivated and wild plant species (Ohne-
sorge et al. 1981, Gerling 1984, Simmons and Elsey
1995). Over the past decade, consumers have been
interested in medicinal herbs, and industry has been
trying to respond to this need. This study was con-
ducted to determine the vulnerability of Þve selected
medicinal herbal plant species toB. argentifolii to help
determine the potential pest problems facing the pro-
duction of these new crops in South Carolina.

This article reports the results of research only. Mention of a
proprietary product does not constitute an endorsement or recom-
mendation by USDA or by Clemson University for its use.
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Materials and Methods

Field Tests. Five medicinal herbal plant species [fe-
verfew, Tanacetum parthenium (L.) Schultz-Biponti-
nus; St. JohnÕs wort, Hypericum perforatum L.; purple
coneßower, Echinacea pallida (Nuttall) Nuttall and E.
purpurea (L.) Moench; and common valerian, Vale-
riana officinalis L.] were established in Þeld plots on
14 July 1998. These species represent three families
(Table 1), and they are marketed commercially for
numerous medicinal purposes (Hobbs 1989a, 1989b;
Bombardelli and Morazzoni 1995). Three fertilizer
rates (in ratio 10:4.4:8.3 of nitrogen, phosphorus, and
potassium, respectively) were used and consisted of
220, 330, or 440 kg N/ha per plot. The seedlings were
Þrst germinated in a whiteßy-free greenhouse. The
plant species were transplanted into plots (6 m long)
per species in beds mulched with white plastic. Forty
plants were established per plot with 30-cm spacing.
Drip irrigationwasusedasneeded.Nopesticideswere
used in the production of the crops. The plotswere set
up in a split block design with location as main block
and fertilizer treatments as subblocks. Plant species
were randomized and replicated once within each
fertilizer treatment.

Yellow sticky cards (16 cm2, Olson, Medina, OH)
were placed horizontally, 15 cm above row beds, and
randomly located within each replicate on 18 Novem-
ber 1998. At about weekly intervals, the sticky cards
were replaced with new cards. The last cards were
retrieved 5 February 1999. Yellow sticky cards have
been widely used for trapping whiteßies (Cohen and
Marco 1973, Gerling and Horowitz 1984, Valdez and
Wolfenbarger 1995), and they have been recently
used for sampling for parasitoids of Bemisia (Simmons
1998, Simmons and Jackson 2000). The numbers of B.
argentifolii and its associated parasitoids captured on
the cards were determined with the aid of a micro-
scope.

The second fully expanded true leaf on the apical
meristem of plants of each species was collected ap-
proximatelyweekly for immaturewhiteßydensity and
whiteßy parasitism information. However, the top '8
cm stem (with leaves) of H. perforatum was collected
for the leaf samples because of its small leaf size and
atypical plant architecture. The number of nymphs on

two leaves per plot on a given date was counted with
the aid of a microscope and leaf area was determined
with a leaf area meter (model 3000, LI-COR, Lincoln,
NE). The number of nymphs was then divided by leaf
area to calculate the number of nymphs per square
centimeter. A separate two-leaf sample per plot was
taken on each sample date and each was held in the
laboratory in a closed carton (0.5 ml) for 3 wk. The
numbers of adult B. argentifolii and its parasitoids
(adults) were counted. Percent parasitism was based
on the proportion of emerged parasitoids to emerged
parasitoids and whiteßies.

Data were analyzed with the SAS (SAS Institute
1994). Main effects and multiple comparisons of treat-
ment means for whiteßy nymphs or adults, and para-
sitoids were analyzed using the PROC Mixed proce-
dure. Percentages were transformed using arcsine
transformation before the analysis, but the means are
presented on back-transformed data.

Laboratory Tests. Plants of the Þve species were
grown in the greenhouse in JiffyMix (composed of 1:1
Canadian sphagnum peat: vermiculite; Jiffy Products
of America, Batavia, IL) for use in the laboratory tests.
An open-choice test with all species was set up in a
laboratory room (3.4 m long by 1.8 m wide by 2.1 m
high). The walls, ßoor, and ceiling were light-to-me-
dium brown. Three collard (Brassica oleracea ssp.
acephala de Condolle) plants with greenhouse-reared
adult and nymphal B. argentifolii, according to Sim-
mons (1994),were placed at one end of the laboratory
room.Leaves from the second fully expanded true leaf
on the apical meristem of each species, except H.
perforatum from which the top '8 cm stem with
leaves, were placed in water and taken to the labora-
tory. Each plant sample was set up in a green ßoral
water wick. The ßoral wicks with plant samples were
inserted into the bottom end of 4 cm tall clear plastic
cups. Theywere arranged in a completely randomized
design in the above-mentioned room.Eachwasplaced
13cmapart, and thewalls of the roomwere34cmfrom
the nearest leaf samples. The number of adult white-
ßies was counted on each plant sample after 24 h. The
plant samples were examined with the aid of a micro-
scope and the number of eggs was counted for each
plant sample. Overhead ßorescent lighting (350 lux at
leaf sample height) was used throughout the test.
Therewere 10 trialswith eachplant species replicated
six times per trial.

An additional test was carried out as a laboratory
no-choice bioassay using petri dish cages (modiÞca-
tion of illustration in Simmons 1994). Each arena was
2.20 cm deep with one 2.54-cm-diameter opening in
the center of the bottom of the petri dish. The second
fully expanded true leaf on theapicalmeristemofeach
test plantwas placed on awatermoistenedÞlter paper
in an inverted petri dish lid. The bottom of the petri
dish was placed inside the lid and on top of the leaf so
that the 2.54-cm opening served as the exposed test
arena on the abaxial leaf surface. The basal portion of
leaves was removed when a leaf could not Þt into the
petri dish. However, multiple stems with leaves of H.
perforatum were used to Þll the 2.54-cm-diameter test

Table 1. List of new hosts of B. argentifolii from field infesta-
tion in Charleston, SC

Family Species Common name

Asteraceae Tanacetum parthenium (L.)
Schultz-Bipontinusa

Feverfew

Echinacea pallida (Nuttall)
Nuttall

Pallida, purple
coneßower

Echinacea purpurea (L.)
Moench

Purpurea, purple
coneßower

Hypericaeae Hypericum perforatum L.b St. JohnÕs wort
Valerianaceae Valeriana officinalis L. Common

valerian

a Formerly Chrysanthemum parthenium.
b Some researchers place this in the family Guttiferae (Hobbs

1989b).
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area. An additional petri dish lid was placed on top of
the petri dish. Through a small hole drilled in the
center of the top lid, 15 femaleB. argentifolii (from the
above mentioned colony) were introduced into each
cage, and the entrance was plugged with cotton Þber.
Six cages for each plant species were set up. These
were held in an environmental chamber under con-
stant dark condition and 258C for 16 h. Three trials
were conducted. The number of eggs deposited was
counted with the aid of a microscope. Means and
standard errors for whiteßy eggs and adults were sep-
arated using the StudentÐNewmanÐKuels test (SAS
Institute 1994).

Results and Discussion

Field Tests. B. argentifolii nymphs and adults were
collected from each of the Þve plant species. Each of
these species representsnewhosts in three families for
B. argentifolii (Table 1). T. parthenium was formerly
placed in the genus Chrysanthemum, which is in the
large family of Asteraceae (formerly Compositae).
Greathead (1986) listed 56 species as hosts to B. tabaci
in this family including several in the genus Chrysan-
themum, but not C. parthenium. In host surveys of B.
tabaci, Tunc et al. (1983) and Khan et al. (1985) listed
the genus Chrysanthemum as a host, but only one
species was identiÞed. T. parthenium is a well known
plant, and it was used by the ancient Egyptians and
Greeks for medicinal purposes (Hobbs 1989a). It is
widely distributed in Europe, Asia, and Northern Af-
rica, and isnaturalized inNorthAmerica(Bombardelli
and Morazzoni (1994). Hence, we believe that Tunc
et al. (1983) and Kahn et al. (1985) would have iden-
tiÞed T. parthenium if it were among the species in
their survey. Some researchers place H. perforatum in
the family Guttiferae (Hobbs 1989b). In the review of
hosts of B. tabaci by Greathead (1986), only one spe-
cies, Psorospermum corymbiferum Hochreutiner, was
listed in the family Guttiferae.

Plant species had a signiÞcant effect on whiteßy
adult capture (F 5 4.84; df 5 4, 425; P , 0.0008). The
overall capture of adult B. argentifolii was greatest in
the E. purpurea plots (t 5 5.18, df 5 58, P , 0.0001)
compared with plots of either of the other four plant
species, notably in early to mid-December (Fig. 1).
The decline in adult capture in January apparently
reßected the decline in plant condition and lower
temperature. The abundance of green leaves was sup-
pressed with the lower temperature in January. There
was no overall signiÞcant fertilizer effect. However,
there was a signiÞcant interaction (F 5 1.93; df 5 8,
425; P 5 0.05) between plant species and fertility. The
plant species effect occurred forE. purpurea at the 440
kg N/ha fertility rate where all of the 14 treatment
comparisons were highly signiÞcant (Table 2). Com-
parisons of the adult whiteßy counts for any other
combination of plant species and fertility rates were
not statistically (P . 0.05) signiÞcant.

The average density of whiteßy nymphs on the
second leaf position from the top of the plant ranged
from 0 to 2.3/cm2 leaf over time on the plants (Fig. 2).

There was a signiÞcant plant species effect on density
ofwhiteßynymphs(F522.56; df54, 381;P,0.0001).
The overall effect on nymphal density was primarily
from E. purpurea (t 5 7.69, df 5 22, P , 0.0001) and
secondarily from E. pallida (t 5 2.60, df 5 22, P ,
0.0166) compared with the other species. There was
no signiÞcant effect on nymphal densities from any of
the other species. Also, no fertility effect (F 5 0.44;
df 5 2, 9; P 5 0.66) was observed on nymphal density.
On some of the plant species such as E. purpurea, we
noticed higher densities of immatures on lower leaves
than on the sampled leaf. However, the second leaf
position was selected for sampling instead of older
leaves to minimize any inßuence of different plant
growth rates on whiteßy abundance. The abundance
of whiteßies on E. purpurea is a relatively high density
for B. argentifolii in the coastal area of South Carolina

Fig. 1. Mean number of B. argentifolii collected on yel-
low sticky cards in plots of Þve medicinal herbal species in
Þeld in Charleston, SC, November 1998ÐFebruary 1999.

Table 2. Comparison of differences of whitefly abundance on
sticky cards for the high fertility treatment of Echinacea purpurea
against all possible combinations of fertility treatments of five
herbal medicinal species

Plant species
Fertility

(kg N/ha)

Differences from E.
purpurea at 440 kg N/ha

and P levels

No. of adults P value

T. parthenium 220 243.2 0.0001
E. pallida 220 252.5 0.0001
E. purpurea 220 188.3 0.0026
H. perforatum 220 225.2 0.0001
V. officinalis 220 246.0 0.0003
T. parthenium 330 241.9 0.0001
E. pallida 330 240.6 0.0001
E. purpurea 330 214.3 0.0006
H. perforatum 330 226.2 0.0003
V. officinalis 330 245.3 0.0003
T. parthenium 440 236.8 0.0001
E. pallida 440 231.8 0.0001
H. perforatum 440 233.7 0.0001
V. officinalis 440 220.2 0.0001

Differences for the number of adults are from sticky card counts;
for each comparison, the whiteßy count is greater for E. purpurea at
440 kg N/ha. Probabilities for signiÞcance (P) are based on the Proc
Mix procedure (SAS Institute 1994).
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for the winter season (Simmons and Elsey 1995;
A.M.S., unpublished data). In coastal South Carolina,
the abundance of B. argentifolii is highest during the
summer and fall. During a 10-wk summer study on 10
vegetables, including cucurbits, which are among the
most preferred hosts, mean densities of nymphs and
eggs ranged from nearly 0 to 15/cm2 leaf but was
generally ,3 immatures per square centimeter of leaf
(Simmons 1994). On E. purpurea, the mean density of
nymphs per leaf peaked at 2.3/cm2 (mean 5 72
nymphs per leaf) during the third week and was a low
of 0.5/cm2 (mean 5 11 nymphs per leaf) during the
last sampling date (Fig. 2). We observed whiteßy
pupal exuviae on all Þve species. Among the Þve plant
species in this study, only H. perforatum has glabrous
leaves. Researchers have reported that glabrousness is
a plant trait associated with reduced whiteßy abun-
dance (DePonti et al. 1990).

The only signiÞcant (F 5 12.25; df 5 4, 427; P ,
0.0001) treatment effect for parasitoid capture was for
plant species. More parasitoids were captured from E.
purpurea and H. perforatum compared with the other
species from late November to late January (Fig. 3).
The captured parasitoids were primarily Eretmocerus
spp. ('55%) and Encarsia pergandiella Howard
('45%). There was no overall plant species effect for
percentage parasitism (F 5 1.6; df 5 4, 52; P . 0.19)
(Fig. 4A), and there was no fertility effect (F 5 0.90;
df 5 2, 16; P . 0.43). Few adult whiteßies and para-
sitoids were collected from the leaf samples (Fig. 4B).
This relative abundance is consistentwith results from
the sticky trap data (Fig. 1). There was a plant species
effect on parasitoid emergence from the leaf samples
(F5 3.96; df5 4, 392;P, 0.0036),which resulted from
E. purpurea (t 5 5.02, df 5 116, P , 0.0001). Likewise,
therewas aplant species effect onwhiteßyemergence
from the leaf samples (F 5 7.73; df 5 4, 292; P ,
0.0001), which resulted from a relatively high emer-
gence from E. pupurea (t , 5.49, df 5 41, P , 0.0001).

Moreover, in concert with the sticky trap counts (Ta-
ble 2), there was an interaction effect on whiteßy
emergence for plant species and fertility. Whiteßy
counts for the highest fertility rate (440 kg N/ha) of
E. pupurea was signiÞcantly (P , 0.05) higher than for
all other plant species and fertility rate combinations.

Laboratory Tests. In the open-choice laboratory
test, the densities of adult whiteßies (F 5 6.74; df 5 4,

Fig. 2. Mean number of B. argentifolii nymphs on the
second fully expanded true leaf on the apical meristem of
plants of each of four plant species, and leaves of the upper
8 cm stem of Hypericum perforatum, in Þeld in Charleston,
SC, for different dates from November 1998 to January 1999.

Fig. 3. Mean number of parasitoids of B. argentifolii col-
lected on yellow sticky cards in plots of Þve medicinal herbal
species in Þeld in Charleston, SC, November 1998 to Feb-
ruary 1999.

Fig. 4. (A) Percentage parasitism of B. argentifolii (F 5
1.60; df 5 4, 52; P 5 0.19) and (B) mean number of emerged
whiteßies (F 5 7.73; df 5 4, 392; P , 0.0001) and mean
number of emerged parasitoids (F 5 3.96; df 5 4, 392; P ,
0.004) from leaf of second leaf position from the top of Þve
medicinal herbal plant species in Þeld in Charleston, SC,
November 1998 to January 1999; statistics according to the
PROC Mix procedure (SAS Institute 1994).
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183; P , 0.0001) and eggs (F 5 4.82; df 5 4, 182; P ,
0.001) varied among the plant species (Table 3). The
overall abundance and densities of eggs and adults
were fewest onT. parthenium andE. pallida.Although
the counts and densitieswere statistically similar onE.
purpurea, H. perforatum, and V. officinalis, the ranking
of the abundance of the insects tended to be highest
on E. purpurea. Even though it was desirable to test
leaves of the same size among plant species, because
of plant phenotype disparities, this parameter was not
constant (Table 3). However, no trend was evident
between whiteßy abundance and leaf area. For exam-
ple, whiteßy abundance differed between E. pallida
and E. purpurea although these two species had the
same leaf area. The gender of the whiteßies on the
different plants was not determined, but we suspect
that the ratio may have been similar among the plant
species. Also, it is not known if crowding could have
affected oviposition.During each 24-h trial, thewhite-
ßies had an opportunity to Þnd and accept or reject
leaves of each species.

Results from the no-choice test (Table 4) are in
general agreement with the free-choice test. All plant
species were acceptable for oviposition, and relatively
few eggs were oviposited on T. parthenium and E.
pallida. Conversely, the highest number of eggs was
on E. purpurea and V. officinalis. However, the results
on H. perforatum in the no-choice test deviated from
the relative ranking in the free-choice test. In the
no-choice test, with the exception of H. perforatum,
the leaves completely covered the test area. Hence,
there may have been at least a slight underestimation
of the relative oviposition on H. perforatum compared
with the other plant species. Although multiple H.

perforatum stems were used, space still existed within
the 2.54-cm-diameter test area of the petri dish.

In conclusion, all Þveherbalmedicinal plant species
were hosts for B. argentifolii, supporting feeding, ovi-
position, and development to the adult stage. Differ-
ent population levels of the whiteßies were observed
among these Þve plant species, and high fertility ex-
acerbated the whiteßy infestation on E. purpurea.
Aphelinid parasitoids attacked whiteßies on these
plant species. These perennial plants can help support
overwintering populations of B. argentifolii in a mild
climate. In addition, the commercial use of these
plants dictates restrictions on the use of traditional
insecticides. Hence, biological control may be an ap-
pealing tool for use in a pest management system on
these herbal medicinal crops.
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